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ABSTRACT
From Hubble Space Telescope/Cosmic Origins Spectrograph spectra of five quasars, 16 outflows are
detected. For 11 outflows, we are able to constrain their distances to the central source (R) and their
energetics. In instances of multiple electron number density determinations (used in the calculation
of R) for the same outflow, the values are consistent within errors. For the 11 outflows, eight have
measurements for R (between 10 and 1000 pc), one has a lower limit, another has an upper limit, and
the last has a range in R. There are two outflows that have enough kinetic luminosity to be major
contributors to active galactic nucleus feedback. The outflowing mass is found primarily in a very
high-ionization phase, which is probed using troughs from, e.g., Ne viii, Na ix, Mg x, and Si xii.
Such ions connect the physical conditions of these ultraviolet outflows to the X-ray warm absorber
outflows seen in nearby Seyfert galaxies. The ion Cl vii and several new transitions from Ne v have
been detected for the first time.
Keywords: Galaxy kinematics (602); Active galaxies (17); Broad-absorption line quasar (183); Inter-
stellar absorption (831); Quasar absorption line spectroscopy (1317); Active galactic nuclei
(16); Quasar (1319)
1. INTRODUCTION
Outflowing material from the centers of quasars can
manifest as blueshifted absorption troughs in the rest
frame of quasar spectra. Upward of 40% (Hewett &
Foltz 2003; Dai et al. 2008; Ganguly & Brotherton 2008;
Knigge et al. 2008) of the quasar population contains
absorption outflows. These outflows are candidates for
major feedback processes within active galactic nuclei
(AGNs) as detailed in section 1 of Arav et al. (2020,
hereafter Paper I) and references therein.
The kinetic luminosity (E˙K) of these outflows is the
key quantity needed to assess the potential they have
to produce the feedback processes. E˙K is linearly de-
pendent on the distance from the central source (R),
which can be inferred by simultaneously determining the
electron number density (ne) and ionization parameter
(UH) of the outflow (see section 7.1 of Arav et al. 2018).
Around 30 such distances are currently found within the
literature using this method (e.g., Paper I and references
within their section 4.2.3). Accretion disk wind models
predict these outflows to reside around R = 0.03 pc (e.g.,
Murray et al. 1995; Proga et al. 2000; Proga & Kallman
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2004), but the range found in the literature is between
parsecs to tens of kiloparsecs.
The aforementioned feedback potential is determined
by the ratio of the kinetic luminosity with respect to
the Eddington luminosity. Hopkins & Elvis (2010) and
Scannapieco & Oh (2004) require ratios exceeding 0.5%
and 5%, respectively, for sufficient feedback. Of the out-
flow systems, 10 are currently known in the literature to
meet at least one of these criteria. (Moe et al. 2009;
Arav et al. 2013; Borguet et al. 2013; Chamberlain &
Arav 2015; Xu et al. 2019, 2020a,c; Miller et al. 2020a).
The data analyzed here are part of a spectroscopic
survey taken during Cycle 24 (GO-14777, PI: N. Arav).
There are 10 quasars in total with redshifts around 1.
The survey aimed to probe the 500-1050 A˚ rest-frame
wavelength range (EUV500). The goal was to identify
and measure diagnostic troughs (examples listed in Arav
et al. 2013) capable of yielding outflow properties such as
ne as well as troughs that arise from very high-ionization
potential ions (e.g. Ne viii and Mg x), like those typi-
cally seen in X-ray warm absorbers (e.g., Reynolds 1997;
Kaastra et al. 2000; Crenshaw et al. 2003; Kaastra et al.
2014). Such very high-ionization potential ions could
establish a connection between X-ray warm absorbers
and ultraviolet (UV) AGN outflows (Arav et al. 2013).
A previous publication (Miller et al. 2018) details the
results for the lowest redshift object where its highest-
ionization potential ion is O vi.
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This paper is part of a series of publications describing
the results of Hubble Space Telescope (HST) program
GO-14777.
Paper I summarizes the results for the individual ob-
jects and discusses their importance to various aspects
of quasar outflow research.
Paper II (Xu et al. 2020a) gives the full analysis for four
outflows detected in SDSS J1042+1646, including the
largest E˙k (10
47 erg s−1) outflow measured to date at
R = 800 pc, and another outflow at R = 15 pc.
Paper III (Miller et al. 2020a) analyzes four outflows de-
tected in 2MASS J1051+1247, which show remarkable
similarities, are situated at R ∼ 200 pc, and have a com-
bined E˙k = 10
46 erg s−1.
Paper IV (Xu et al. 2020b) presents the largest velocity
shift and acceleration measured to date in a broad ab-
sorption line (BAL) outflow.
Paper V (Miller et al. 2020b) analyzes two outflows
detected in PKS J0352-0711, including one outflow at
R = 500 pc and a second outflow at R = 10 pc that
shows an ionization potential-dependent velocity shift
for troughs from different ions.
Paper VI (Xu et al. 2020c) analyzes two outflows de-
tected in SDSS J0755+2306, including one at R =
220 pc with E˙k = 10
46 erg s−1.
Paper VII is this work.
This paper is structured as follows. Section 2 de-
scribes the observations taken by the HST/Cosmic Ori-
gins Spectrograph (COS; Green et al. 2012) for the re-
maining five quasars of the survey. The spectral fitting
for the unabsorbed continuum and emission lines is also
discussed. Section 3 details the ionic column density
and electron number density measurements in addition
to the photoionization modeling. Comments on the in-
dividual outflows are given in Section 4. The physical
properties, distances, and energetics of each outflow are
given in section 5. A discussion of these results is in
Section 6 with a summary and conclusions in section 7.
In this paper, we adopt a cosmology with h = 0.696,
Ωm = 0.286, and ΩΛ = 0.714, and we use Ned Wright’s
Javascript Cosmology Calculator website (Wright 2006).
2. OBSERVATIONS, DATA REDUCTION, AND
SPECTRAL FITTING
Table 1 contains the details of each observation as
well as the coordinates, redshifts, and E (B-V ) values
for the five quasars: SDSS J093602.10+200542.9, 7C
163119.39+393037.00, UM 425, 2MASS J14362129+0727208,
and VV2006 J132957.2+540506. Miller et al. (2018) de-
tails the data processing steps, and each spectrum was
corrected for Galactic extinction with the corresponding
E (B-V ) values (Schlafly & Finkbeiner 2011). Figure 1
shows the dereddened, one-dimensional spectrum in
black with errors in gray for each quasar. Individual
outflow systems and corresponding absorption troughs
are delineated S1, S2, S3, etc., in order of increasing
absolute centroid velocities as summarized in Table 2,
which also contains the widths of the widest trough for
each system. The slanted, dark green lines mark in-
tervening hydrogen absorption systems identified by at
least two hydrogen Lyman line transitions. The trough
labels combine multiple transitions with wavelength sep-
arations less than 0.5 A˚ into a single transition. Table
3 of Paper II provides a list of transition atomic data.
We fit the unabsorbed line and continuum emission
in the same way as in Miller et al. (2018) and Xu et
al. (2018). Specifically, a power law was used to fit the
continuum emission while Gaussian profiles were used to
fit line emission features, constrained by the red side of
each line. Each emission line had the Gaussian centroid
fixed at the rest-frame wavelength. For regions where
a partial Lyman limit exists, the continuum was man-
ually fitted with a cubic spline blueward of each limit,
accounting for the decreased flux. The adopted, unab-
sorbed emission model is shown as the solid red contour
in Figure 1 for each quasar.
3. DATA ANALYSIS
3.1. Ionic Column Density
From the analysis steps in Paper II, we first fol-
lowed step 1 of the Synthetic Spectral Simulation (SSS)
method to determine which troughs yield reliable ionic
column density measurements (Nion). The two methods
used to obtain each measurement are the apparent opti-
cal depth (AOD) and partial covering (PC) methods (see
e.g., Savage & Sembach (1991) and Arav et al. (2008) for
each method, respectively). The AOD method is used
to measure Nion from a single ionic transition, typically
yielding lower or upper limits. The PC method uses two
ionic transitions from the same ion and energy level to
yield an Nion measurement for one ionic energy state.
The total column density of each ion (listed in Table 3
for each outflow) is the sum of all ionic energy states.
In Table 3, red denotes upper limits while blue marks
lower limits. The ratio of the adopted column densities
to the best-fit, model predicted column densities are in
the last column (see Section 3.2 and Figure 2). Ratios
greater than one are expected for upper limits and vice
versa for lower limits.
The same criteria from Paper II are used to determine
measurements, upper limits, and lower limits. All PC
determined Nion are treated as measurements, and Nion
for troughs where both 0.05 < τmax < 0.5 and where
troughs from ions of similar ionization potential have
τmax > 2 are also treated as measurements. Nion mea-
sured from regions where no trough is identified (a max-
imum optical depth, τmax, less than 0.05) are upper lim-
its. Our adopted values are the PC values when available
and AOD values otherwise. The adopted errors include
a systematic error (20% of the adopted value), which
is added in quadrature to the corresponding AOD/PC
errors (see Table 3). This systematic error accounts for
uncertainties in the unabsorbed emission model (e.g.,
Miller et al. 2018; Xu et al. 2018).
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Table 1. HST/COS observations, coordinates, redshifts, and Galactic E(B-V ) values for the five quasars.
Object SDSS J0936+2005 UM 425 VV2006 J1329+5405 2MASS J1436+0727 7C 1631+3930
J2000 R.A. 09:36:02.11 11:23:20.73 13:29:57.15 14:36:21.30 16:33:02.10
J2000 Decl. +20:05:42.90 +01:37:47.50 +54:05:05.90 +07:27:20.89 +39:24:27.4
Redshift (z ) 1.1832 1.4720 0.9496 0.8944 1.0246
Galactic E(B-V ) 0.0267 0.0313 0.0128 0.0244 0.0070
HST/COS Grating G130M
Observation date 2017 Nov 21 2017 Nov 15 2017 Sep 30 2017 Jul 17 2017 May 13
Exposure time (s) 4360 3870 3690 4130 4200
Observed range (A˚) 1155–1460 1130–1470 1130–1470 1130–1470 1130–1470
Rest-frame range (A˚) 520–670 460–595 580–755 600–775 560–725
HST/COS Grating G160M
Observation date 2017 Nov 22 2017 Nov 15–16 2017 Sep 30 2017 Jul 17 2017 May 14
Exposure time (s) 4660 4660 4660 4660 5200
Observed range (A˚) 1405–1800 1405–1800 1405–1800 1405–1800 1380–1765
Rest-frame range (A˚) 645–825 570–730 720–920 740–950 695–890
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Table 2. Detected Outflows in each quasar.
Outflow System Centroid Velocity FWHM
(km s−1) (km s−1)
SDSS J0936+2005
S1 –7960 200
S2 –8200 400
S3 –9300 350
UM 425
S1 –1640 400
S2 –1980 200
S3 –2200 200
S4 –9420 300
VV2006 J1329+5405
S1 –11600 1450
S2 –12900 600
2MASS J1436+0727
S1 –14400 300
7C 1631+3930
S1 –1010 200
S2 –1430 550
S3 –5300 150
S4 –5770 250
S5 –6150 150
S6 –7210 200
3.2. Photoionization Modeling
The ionization equilibrium of a quasar outflow is dom-
inated by photoionization. Therefore, the outflow is
characterized by its total hydrogen column density (NH)
and UH. These two values together are the photoioniza-
tion solution for each outflow, where the best-fit pho-
toionization solution is determined from grids of pho-
toionization models generated by the code Cloudy (Fer-
land et al. 2017, version c17.00). Each component of an
outflow system is modeled with one NH and UH. The
grid containing the best-fit solution assumes one of two
metallicities and the spectral energy distribution (SED)
HE0238 SED (Arav et al. 2013), which has a similar
rest-frame wavelength range to our objects. The two
metallicities are solar, Z, from Grevesse et al. (2010)
and super-solar, Z = 4.68Z, from Paper V. Only the
solutions for VV2006 J1329+5405 used the super-solar
value (see section 4.3).
To determine the best-fit solution, we follow the re-
maining steps of the SSS method as outlined here. We
obtain preliminary values for NH and UH from the mea-
sured Nion that are known to be uncontaminated (a
subset of the values in Table 3). This preliminary pho-
toionization solution and subsequent solutions are found
through χ2-minimization, corresponding to the mini-
mum of the merit function given in equation 4 of Borguet
et al. (2012). Then a model spectra (see section 3.3 of
Paper II for construction details) containing all outflows
for each quasar is created and compared to the observed
spectra. New upper/lower limits and measurements are
assessed and used to further constrain the values of NH
and UH. A best-fit photoionization solution is generated
after a few iterations of this process. Figure 2 shows
these best-fit photoionization solutions for each outflow,
which were constrained by all total Nion values in Ta-
ble 3.
The colored contours for individual ions in Figure 2
show the NH and UH values where the model Nion are
within 1σ of the observed values, assuming the HE0238
SED and solar metallicity (super-solar metallicity for
VV2006 1329+5405). Solid contours represent Nion
measurements while dotted and dashed lines indicate
upper and lower limits, respectively. The adopted best-
fit solution is the solid black dots and 1σ error ellipses.
A two phase photoionization solution (e.g., Arav et al.
2013, Paper II; Paper III; Paper V), comprised of a high-
ionization phase (HP) and very high-ionization phase
(VHP), is needed for 10 of the 16 outflow systems. The
remaining six require only a single phase solution (one
VHP). The values for all NH and UH determinations are
given in Table 4. Comments on individual objects can
be found in section 4.
3.3. Electron Number Density Determination
All of the excited-state troughs shown in Figure 1 be-
come populated primarily through electron collisions,
where the collision frequency and energy transferred de-
pend on ne and the electron temperature. Therefore,
the relative populations between an excited-state and a
ground state from the same ion can be used to calculate
ne (e.g., de Kool et al. 2001; Hamann et al. 2001; de Kool
et al. 2002; Korista et al. 2008). To calculate the neces-
sary population ratios, which is equal to the column den-
sity ratios, we used the CHIANTI 8.0.7 database (Dere
et al. 1997; Landi et al. 2013) as was done in previous
works (e.g., Borguet et al. 2012b; Arav et al. 2013, 2015,
2018; Chamberlain & Arav 2015). Separate discussions
follow for each quasar, with the results shown in Fig-
ure 3 where the theoretical column density ratios as a
function of ne are shown with the black contours for each
population ratio at the temperature of the first outflow
listed in each panel. The top axis shows the distance
scale obtained from equation 1 for this outflow as well.
The measured column density ratios with uncertainties
for each outflow system are overlaid, and the individual
column densities are listed in Table 3.
4. COMMENTS ON INDIVIDUAL OUTFLOWS
4.1. SDSS J0936+2005
S1 : The photoionization solution consists of two
phases. A single phase solution at the intersection of
Ar viii and Mg x overpredicts the Nion of Ne viii by
a factor of 10, requiring this two phase solution. The
VHP is constrained primarily by the Nion measurements
of Ne viii and Mg x as well as an upper limit on Al xi
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while the HP has only upper and lower limit constraints.
The VHP contains four times more hydrogen column
density than the HP.
The only detected troughs with useful ne diagnostics
for S1 are from Ne v and Ne vi. The Ne v* 569.83 A˚
trough is deeper than the Ne v 568.42 A˚ trough. Con-
versely, the Ne vi* 562.81 A˚ trough is shallower than
the Ne vi 558.60 A˚ trough. These facts already predict
that the ne of S1 is above the critical density for the
energy level associated with the Ne v* 569.83 A˚ transi-
tion (413 cm−1) and below that of the Ne vi* 562.81 A˚
transition (1307 cm−1).
The majority of the Nion for Ne v and Ne vi come
from the HP. Therefore, the total Nion of each can be
constrained from the HP solution in the same way as
was done in section 3.3 of Paper III. Specifically, the
deeper trough is assumed to contain the missing col-
umn density needed for the total to match the value
constrained by the photoionization solution. Paper III
showed that the shallower trough Nion does not increase
significantly when considering maximum saturation ef-
fects, making this assumption acceptable. From there,
a measured ratio from the Nion of Ne vi* and Ne vi is
obtained. We are left with a lower limit for Ne v. This
happens because there is another excited energy level of
Ne v (1111 cm−1) that would also be populated, but
the transitions needed to probe the level are blended
with the geocoronal Lyα emission line. Since we do not
know the relative trough depths of the excited levels,
we cannot determine if the observed Ne v* 569.83 A˚
trough is the deepest. Therefore, the adopted value for
ne is from the Ne vi diagnostic, which is also consistent
within errors with the lower limit determined from the
Ne v diagnostic.
S2 : A two phase photoionization solution is needed
since a single phase solution at the intersection of Ca vi
and Al xi overpredicts the column densities of Ca x (by
a factor of 100) and Ar viii (by a factor of 10). The
HP is bounded by the Nion measurement of Ar viii and
the upper and lower limits of S iv and Ca vi, respec-
tively. The VHP is constrained by the column density
measurements of Na ix and Al xi along with the upper
limit from Ca x. The Nion from Al xi 550 A˚ is treated
as a measurement even though we measure only a sin-
gle trough since it is well defined and much shallower
than the Mg x troughs, which have a similar ionization
potential to Al xi. We assume since the ionization po-
tentials are similar that they should be produced in the
same regions of the outflow and have the same covering
solutions. The VHP carries 90% of the total hydrogen
column density.
The troughs from the excited transitions of O iv are
either heavily blended or show one-to-one trough depths
with ground-state transitions, making them unsuitable
for ne measurements. However, the troughs from excited
levels of Ne v and Ne vi can yield useful measurements.
Like S1, the excited-state trough of Ne v is deeper than
its corresponding ground-state trough while the opposite
is true for the Ne vi troughs. The majority of the Nion
for Ne v and Ne vi also comes from the HP. Therefore,
the same method used for S1 to determine ne is used for
S2. Again, the adopted value for ne is from the Ne vi
diagnostic.
S3 : The two phase solution contains only upper and
lower limits where the HP is constrained by O iii, N iv,
and Ne v while the VHP is bounded by Mg x, Ne viii,
and Ne vi. Choosing a single phase solution where N iv
crosses Ne viii overpredicts the upper limit of Ne v by
a factor of 15. The VHP contains over 99% of the total
hydrogen column density.
The only useful ne diagnostic comes from the transi-
tions of Ne vi, where the majority of the Nion resides in
the VHP. The same process as was used for S1 and S2
yields the ne measurement for S3.
4.2. UM 425
S1 : A well constrained two phase photoionization so-
lution is determined from the Nion constraints. Like S2
of SDSS J0936+2005, the Nion of Al xi is treated as
a measurement since the 550 A˚ trough is shallow com-
pared to the Mg X and Si xii troughs (all three have
similar ionization potentials and therefore have similar
assumed origins and covering solutions within the out-
flow) and the trough is well defined. About 98% of the
total NH is contained within the VHP.
The O iv and O iv* transitions are quite blended, pre-
venting usable ne estimates. The S iv and S iv* troughs
are also only upper limits. This leaves the transitions
from Ne v and Ne vi. The Ne v* 482.99 A˚ trough is
not well defined, and the Ne v* 481.35 A˚ is blended
with an intervening system and other absorption, lead-
ing to unreliable Nion measurements for both troughs.
However, An upper limit and measurement for ne is ob-
tained from the Ne v* 572.30 A˚ and Ne v* 569.83 A˚
Nion, respectively, along with the ground-state column
density of Ne v, which is constrained by the HP since it
carries the majority of the Nion for Ne v. For the Ne vi
troughs, the Ne vi* 562.81 A˚ trough is severely blend-
ing with an intervening system, preventing an ne esti-
mate. Therefore, the ne measurement using the Ne v*
569.83 A˚ diagnostic is adopted as the best value.
S2 : There is a two phase solution with an unbounded
VHP. Unlike S1, the Al xi 550 A˚ trough is not well
defined so we do not take it as a measurement nor a
lower limit since it is uncertain if the absorption arises
from intervening systems. The VHP carries at least 93%
of the total NH.
Like S1, the O iv and O iv* transitions are blended,
and the S iv and S iv* transitions are upper limits.
Therefore, neither species is usable for ne estimates. The
Ne v* 481.35 A˚ and 572.30 A˚ as well as the Ne vi*
562.81 A˚ troughs do not yield accurate Nion as they are
blended with intervening systems and other absorption.
However, S2 does have two consistent ne measurements
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where the ground-state column density is constrained
by the HP: one from the Nion ratio of Ne v* 569.83 A˚
and the ground-state and another from the Nion ratio
of Ne v* 482.99 A˚ and the ground state. Since the
Ne v* 569.83 A˚ trough is better defined than the Ne v*
482.99 A˚ trough and lies within a portion of the spec-
trum with less unaccounted for absorption that may
lead one to question the identification of the absorp-
tion trough, we choose the ne value determined from
the Ne v* 569.83 A˚ and ground-state diagnostic as the
best value.
S3 : There is an unbounded VHP and bounded HP.
Like in the case of S2, the Al xi 550 A˚ trough is un-
reliable as a measurement or a lower limit. The errors
allow for both phases to carry equal amounts of the total
hydrogen column density.
The O iv and O iv* transitions as well as the S iv and
S iv* transitions are upper limits and therefore cannot
yield ne estimates. The only excited trough that is not
severely blended is the Ne v* 572.30 A˚ transition. From
the Nion ratio of Ne v* 572.30 A˚ and the ground state
(constrained by the HP), we determine an ne measure-
ment.
S4 : A two phase solution exists with a bounded HP
and VHP. The Al xi 550A˚ trough is treated as a lower
limit since it has a similar depth to the Mg x and Si xii
troughs. The VHP contains the majority of the total
NH at 90%.
The only useful ne estimates arise from the Ne v*
482.99 A˚, Ne v* 569.83 A˚ (blended on the blue side with
an intervening system), and Ne vi* 562.81 A˚ troughs.
The first two yield electron number density lower limits
since they are deeper than the Ne v 480.42 A˚ (blended
on the red side with an intervening system), resulting
in ratios that are consistent with the theoretical limit.
For Ne vi, the Ne vi* 562.81 A˚ trough is blended with
unidentified absorption, preventing an ne estimate. The
lower limit obtained from the Ne v* 482.99 A˚ diagnostic
is adopted as the best value since it provides a tighter
constraint compared to the other lower limit.
4.3. VV2006 J1329+5405
S1 : The photoionization solution uses the super-solar
value since solar values yield a solution that overpredicts
the hydrogen Nion upper limit by more than a factor of
five. The two phase solution has an unbounded VHP,
which carries around 90% of the total NH.
Two lower limits and one upper limit on ne are de-
termined for S1. First, the O iv* 790.11 A˚ trough is
free from major contamination or blending, but can only
yield a lower limit since it shows a one to one trough
depth with the uncontaminated red side of the O iv
787.71 A˚ and blue side of the O iv 608.40 A˚ troughs.
Therefore, using the HP to constrain the total Nion of
O iv, a lower limit on ne is obtained. Second, the O v*
multiplet near 730 A˚ in the quasar rest frame is quite
blended, but the red half of the O v* 762.00 A˚ trough
is not blended. However, the trough is likely saturated
as it shows a one to one trough depth with the O v*
760.45 A˚ trough, whose transition is from the same en-
ergy level and has a larger oscillator strength. Therefore,
a lower limit to the Nion of O v* 762.00 A˚ trough is esti-
mated by doubling the Nion measured from the red half
of the trough. Using the HP solution to constrain the
total Nion of O v along with this lower limit yields the
other lower limit to ne. Third, an upper limit to the
N iv* 923.22 A˚ trough is measured, and the total Nion
for N iv is constrained by the HP. Together, an ne upper
limit is calculated. The lower limit ne determined from
the O v diagnostic and upper limit from the N iv diag-
nostic are adopted as the best range since they provide
the tightest constraints on ne.
S2 : For consistency, S2 also used the super-solar
value, but a solar metallicity solution is equally viable.
It contains a single VHP with the possibility of an HP
if its log(UH) is less than 0 and total hydrogen column
density is below the O iv upper limit.
The O v* multiplet is highly blended with interven-
ing systems. Similarly, the O iv* 790.11 A˚ trough is
blended with troughs from S1. Therefore, ne cannot be
constrained, leaving the distance unknown.
4.4. 2MASS J1436+0727
S1 : The only detected trough is Ne viii, yielding a
bounded VHP solution with the aide of upper limit con-
straints from H i and O v. An HP solution could exist
for NH values below the O v upper limit and UH smaller
than the VHP. The outflow has no Nion lower limits or
measurements from ground-state transitions with possi-
ble excited levels nor any excited level transitions, ren-
dering an ne estimate indeterminable.
4.5. 7C 1631+3930
S1 : A single phase (VHP) is detected. An HP could
exist following similar requirements of previously dis-
cussed single phase outflows.
Only upper limits to excited-state Nion are measured,
which at best will result in ne upper limits. These Nion
upper limits are typically accompanied by upper lim-
its on the ground-state Nion as well, yielding no con-
straint on ne. However, the VHP solution contains a
large amount of Ne vi that would be detected if the
spectrum covered the Ne vi 558.60 A˚ trough. There-
fore, an upper limit to ne is determined from the upper
limit Nion of the Ne vi* 562.81 A˚ and the ground-state
Nion of Ne vi (determined by subtracting the upper limit
from the total column density of Ne vi constrained by
the VHP).
S2 : A VHP and an HP are needed following simi-
lar arguments as was shown for the outflows in SDSS
J0936+2005. Like S3 of SDSS J0936+2005, the over-
whelming majority (98%) of the hydrogen column den-
sity is contained within the VHP.
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For ne determinations, S2 has an upper limit Nion for
the Ne v* 572.30 A˚ trough and a measurement for the
Ne v* 569.83 A˚ trough since this trough is much shal-
lower than the Ne v 568.42 A˚ trough. The HP also
contains the majority of the Ne v column density, yield-
ing an ne upper limit from the Ne v* 572.30 A˚ and
ground-state column density ratio and a measurement
from the Nion ratio of Ne v* 569.83 A˚ and the ground
state. The adopted ne is the value determined by the
Ne v* 569.83 A˚ and ground-state diagnostic.
S3 : Similar to S1, only a VHP is needed to explain the
detected troughs, and an HP could exist following sim-
ilar requirements as discussed previously. The VHP so-
lution is unbounded, allowing solutions beyond log(UH)
= 2 and log(NH) = 23.5. There are not any useful ne
diagnostics for this outflow.
S4 : Like S2, a two phase solution explains the ob-
served column density constraints, and the VHP con-
tains 96% of the total NH. Similar to S1, an ne mea-
surement is obtained from the Nion ratio of the observed
Ne v* 572.30 A˚ trough and the total Nion constrained by
the HP (the ground-state trough is outside the observed
wavelength range like in the case of S1).
S5 and S6 : A single VHP is detected in both out-
flows with possible HPs existing below each N iv upper
limit and log(UH) < 0. Neither outflow has useful ne
diagnostics, leaving their distances unconstrained.
5. RESULTS
5.1. Outflow Distance, Energetics, and Properties
The ionization parameter relates the distance of each
outflow from the central source to other measurable
properties:
UH =
QH
4piR2nHc
(1)
where nH is the hydrogen number density (ne ≈ 1.2nH
for highly ionized plasma), R is the distance from the
central source, c is the speed of light, and QH is the
incident ionizing photon rate of hydrogen. Taking the
HE0238 SED and integrating for energies above 1 Ryd
yields the QH values in Table 4, which also contains
the distances of each outflow. This integration process
includes the methodology of Hogg (1999) for calculating
the luminosity distance and applying the k -correction to
the observed flux.
From Borguet et al. (2012), the average mass flow rate
and kinetic luminosity over a dynamical timescale (R/v)
for a partially filled, thin shell outflow are given by
M˙ ' 4piΩRNHµmpv (2)
and
E˙K ' 1
2
M˙v2 (3)
where Ω = 0.4+0.14−0.14 is the global covering factor (the
fraction of quasars with observed Ne viii mini-BAL out-
flows; Muzahid et al. 2013), R is the distance from the
central source, µ = 1.4 is the mean atomic mass per
proton, NH is the hydrogen column density, mp is the
proton mass, and v is the outflow velocity. Table 4 con-
tains the calculated energetics for each outflow assuming
the HP and VHP have the same global covering factor,
and the hydrogen column density value used for the en-
ergetics is the sum of the NH from each phase.
Table 3. Total Ionic Column Densities
Ion AODa PCa Adoptedb Adopted
Best Model
c
(1012cm−2) (1012cm−2) (1012cm−2)
SDSS J0936+2005
S1: v = -7960 km s−1
N iv 48+12−10 · · · >48−14 >0.99−0.29
O iv 250+70−60 · · · <250+80 <0.99+0.34
O v 220+20−10 · · · >220−50 >0.06−0.01
Ne v 550+80−70 · · · >550−130 >0.67−0.16
Ne v*d 390+70−50 · · · >390−100 · · ·
Ne ve 160+50−40 · · · 160+60−50 · · ·
Ne vi 2000+120−100 · · · >2000−420 >0.57−0.12
Ne vi*f 730+70−70 · · · 730+160−160 · · ·
Ne vie 1290+90−80 · · · 6690+3810−2040 · · ·
Ne viii 1900+240−190 2200
+470
−230 2200
+650
−510 1.00
+0.24
−0.22
Na ix 140+30−30 · · · <140+50 <2.32+0.73
Mg x 1500+140−130 2400
+440
−240 2400
+650
−530 1.00
+0.27
−0.22
Al xi 190+60−70 · · · <190+70 <1.04+0.40
S iv 10+2−3 · · · <10+3 <84.2+25.2
Ar vi 43+15−11 · · · <43+17 <3.53+1.39
Ar vii 16+4−3 · · · <16+5 <1.66+0.52
Ar viii 25+11−11 · · · <25+12 <1.08+0.52
Ca vi 110+70−50 · · · <110+80 <3.87+2.78
Ca viii 160+70−50 · · · <160+80 <4.15+1.89
Ca x 74+3−34 · · · <74+15 <6.14+1.24
S2: v = -8200 km s−1
N iv 200+20−20 · · · >200−40 >0.09−0.02
O iv 1500+140−120 · · · >1500−320 >0.09−0.02
O v 710+40−30 · · · >710−150 >0.01−0.002
Ne v 3200+160−130 · · · >3200−650 >0.15−0.03
Ne v*d 1960+120−100 · · · >1960−410 · · ·
Ne ve 1240+100−80 · · · 1240+270−260 · · ·
Ne vi 5900+250−200 · · · >5900−1200 >0.15−0.03
Ne vi*f 2420+130−110 · · · 2420+500−500 · · ·
Ne vie 3450+220−160 · · · 29200+16200−11700 · · ·
Ne viii 6800+570−400 · · · >6800−1400 >0.12−0.02
Na ix 1700+160−140 1900
+160
−110 1900
+420
−400 1.46
+0.32
−0.30
Mg x 6200+290−250 · · · >6200−1300 >0.26−0.05
Al xi 530+100−90 · · · 530+140−140 0.77+0.21−0.20
S iv 23+4−4 · · · <23+6 <0.98+0.25
Ar vi 91+20−17 · · · >91−25 >0.17−0.05
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Table 3 (continued)
Ion AODa PCa Adoptedb Adopted
Best Model
c
(1012cm−2) (1012cm−2) (1012cm−2)
Ar vii 88+6−5 · · · >88−18 >0.53−0.11
Ar viii 210+30−30 240
+40
−30 240
+60
−60 0.93
+0.24
−0.23
Ca vi 680+90−90 · · · >680−160 >1.18−0.28
Ca vii 1300+190−170 · · · <1300+320 <1.88+0.46
Ca viii 210+50−50 · · · <210+70 <1.16+0.39
Ca x 61+39−27 · · · <61+41 <0.48+0.32
S3: v = -9300 km s−1
N iv 93+16−14 · · · >93−23 >1.08−0.27
O iii 110+30−30 · · · <110+40 <0.96+0.34
O v 300+20−20 · · · >300−60 >0.37−0.08
Ne v 120+60−40 · · · <120+60 <0.84+0.43
Ne vi 1300+120−110 · · · >1300−280 >1.06−0.23
Ne vi*f 530+70−70 · · · 530+130−130 · · ·
Ne vie 790+90−80 · · · 790+870−180 · · ·
Ne viii 2300+300−240 · · · >2300−530 >0.95−0.21
Na ix 48+23−22 · · · <48+25 <1.93+1.01
Mg x 350+100−90 · · · <350+120 <0.99+0.34
Al xi 160+60−70 · · · <160+70 <34.3+15.5
S iv 24+3.6−3.6 · · · <24+6.0 <1.79+0.45
Ar vi 46+19−15 · · · <46+21 <67.9+31.0
Ar vii 9.2+3.7−2.9 · · · <9.2+4.1 <10.0+4.47
Ar viii 25+9.0−10 · · · <25+10 <8.62+3.55
UM 425
S1: v = -1640 km s−1
O v 1300+71−44 · · · >1300−260 >0.09−0.02
Ne iv 140+26−24 · · · <140+38 <0.99+0.27
Ne v 3500+89−81 · · · >3500−710 >1.03−0.21
Ne v*d 350+30−30 · · · 350+80−80 · · ·
Ne v*g 80+20−20 · · · <80+30 · · ·
Ne ve 3180+80−70 · · · 3180+710−710 · · ·
Ne vi 7300+420−270 · · · >7300−1500 >0.74−0.15
Ne vii 12000+0−0 · · · <12000+4000 <0.94+0.31
Na ix 2400+260−210 3900
+1400
−600 3900
+1600
−980 1.12
+0.46
−0.28
Mg x 18000+1000−670 · · · >18000−3600 >0.12−0.02
Al xi 1290+100−100 · · · 1290+280−280 1.00+0.22−0.22
Si xii 7300+270−220 · · · >7300−1500 >0.05−0.01
S iv 23+19−14 · · · <23+20 <21.4+18.2
Ca viii 100+45−32 · · · <100+49 <1.47+0.66
S2: v = -1980 km s−1
O v 330+20−16 · · · >330−68 >0.04−0.01
Ne iv 180+51−44 · · · <180+63 <1.31+0.45
Ne v 1900+71−64 · · · >1900−380 >1.01−0.20
Ne v*d 500+30−30 · · · 500+110−110 · · ·
Ne v*g 270+50−40 · · · 270+70−70 · · ·
Ne ve 1080+40−40 · · · 1080+220−220 · · ·
Ne vi 2000+140−120 · · · >2000−420 >0.39−0.08
Table 3 continued
Table 3 (continued)
Ion AODa PCa Adoptedb Adopted
Best Model
c
(1012cm−2) (1012cm−2) (1012cm−2)
Na ix 280+78−68 · · · <280+96 <1.31+0.45
Mg x 3300+190−170 · · · >3300−680 >0.94−0.19
S iv 13+3.7−4.2 · · · <13+4.5 <5.83+2.02
Ar v 25+6.9−11 · · · <25+8.5 <1.02+0.35
Ar vii 14+2.1−2.0 · · · <14+3.5 <1.00+0.25
Ca vii 140+66−71 · · · <140+71 <2.25+1.16
Ca x 36+13−13 · · · <36+15 <1.01+0.41
S3: v = -2200 km s−1
O v 360+19−16 · · · >360−74 >0.10−0.02
Ne iv 260+66−57 · · · <260+84 <6.56+2.09
Ne v 830+51−48 · · · >830−170 >1.00−0.21
Ne v*g 230+30−30 · · · 230+60−50 · · ·
Ne ve 600+40−40 · · · 600+130−130 · · ·
Ne vi 1900+110−90 · · · >1900−400 >0.78−0.16
Na vi 140+63−48 · · · <140+69 <3.10+1.58
Na ix 320+78−70 · · · <320+100 <1.31+0.41
Mg x 4000+200−180 · · · >4000−830 >0.66−0.14
Si xii 1100+96−88 · · · >1100−240 >0.97−0.21
Ar vi 20+19.2−9.8 · · · <20+20 <1.05+1.02
Ar vii 15+2.6−2.4 · · · <15+4.0 <1.80+0.47
Ca x 85+15−15 · · · <85+23 <9.71+2.63
S4: v = -9420 km s−1
O iv 250+45−42 · · · <250+66 <0.91+0.25
O v 330+16−15 · · · >330−67 >0.04−0.01
Ne v 1400+160−130 · · · >1400−320 >1.10−0.24
Ne v*d 510+60−60 · · · >510−120 · · ·
Ne v*g 770+130−100 · · · >770−70 · · ·
Ne ve 170+80−50 · · · 170+90−60 · · ·
Ne vi 3800+160−140 · · · >3800−780 >0.27−0.05
Na ix 650+120−82 · · · >650−150 >1.00−0.24
Mg x 2500+79−73 · · · >2500−510 >0.08−0.02
Al xi 2000+180−160 · · · >2000−420 >0.48−0.10
Si xii 7400+310−280 · · · >7400−1500 >0.12−0.02
P xiii 870+320−310 · · · <870+370 <1.79+0.77
Ar viii 190+41−39 · · · <190+57 <3.86+1.13
Ca x 150+52−47 · · · <150+60 <0.97+0.38
2MASS J1436+0727
S1: v = -14400 km s−1
H i 590+160−190 · · · <590+200 <6.30+2.14
O v 110+21−19 · · · <110+30 <6.64+1.81
Ne viii 2400+97−91 2900
+150
−120 2900
+590
−580 1.00
+0.20
−0.20
Na ix 1600+170−130 · · · <1600+350 <10.6+2.31
VV2006 J1329+5405
S1: v = -11600 km s−1
H i 5100+1400−1200 · · · <5100+1700 <1.23+0.42
N iv 560+12−11 · · · >560−110 >0.18−0.04
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Table 3 (continued)
Ion AODa PCa Adoptedb Adopted
Best Model
c
(1012cm−2) (1012cm−2) (1012cm−2)
N iv*h 190+50−40 · · · <190+60 · · ·
N ive 560+12−11 · · · 3020+870−1510 · · ·
O iv 3600+100−95 · · · >3600−720 >0.42−0.08
O iv*i 1790+70−70 · · · >1790−370 · · ·
O ive 1770+70−70 · · · 6160+4660−4390 · · ·
O v 940+51−43 · · · >940−200 >0.01−0.002
O v*j 1000+100−90 · · · >1000−220 · · ·
O ve 940+51−43 · · · 87100+54200−44400 · · ·
Ne viii 7300+96−88 · · · >7300−1500 >0.02−0.004
Na ix 3700+130−120 · · · >3700−760 >0.98−0.20
Mg x 11000+880−660 · · · >11000−2400 >0.16−0.03
S iv 28+5.2−4.9 · · · <28+7.6 <1.00+0.29
S v 93+5.2−4.8 · · · >93−19 >0.33−0.07
S vi 390+130−120 · · · >390−140 >0.19−0.07
Cl vii 190+13−12 · · · >190−40 >1.05−0.22
Ar vi 1100+65−62 · · · >1100−230 >0.52−0.11
Ar viii 1100+45−41 · · · >1100−230 >0.30−0.06
K ix 210+50−40 · · · <210+66 <1.00+0.31
Ca vi 2700+450−360 · · · <2700+700 <0.98+0.25
S2: v = -12900 km s−1
H i 9100+1500−1900 · · · <9100+2300 <127+32.5
O iv 460+42−39 · · · <460+100 <7.30+1.60
O v 290+33−28 · · · >290−64 >0.17−0.04
Ne viii 3400+59−56 · · · >3400−680 1.00−0.20
Na ix 220+57−48 · · · <220+71 <10.4+3.37
Mg x 2200+630−350 · · · <2200+680 <6.61+2.07
S v 34+2.9−2.7 · · · <34+7.5 <55.8+12.1
S vi 110+18−18 · · · <110+29 <29.0+7.44
7C 1631+3930
S1: v = -1010 km s−1
O iv 170+40−40 · · · <170+50 <29.6+8.71
O v 310+10−10 · · · >310−60 >1.01−0.20
Ne v 350+70−70 · · · <350+100 <9.08+2.60
Ne vi*f 160+70−70 · · · <160+70 · · ·
Ne vie · · · · · · 780+650−190 · · ·
Ne viii 4100+170−140 5400
+1600
−340 5400
+2000
−1100 0.97
+0.35
−0.20
Mg x 2200+110−100 2500
+130
−110 2500
+520
−520 1.01
+0.21
−0.21
Ar vii 8.4+3.3−3.3 · · · <8.4+3.7 <34.5+15.2
Ar viii 32+9.0−13 · · · <32+11 <34.8+12.0
S2: v = -1430 km s−1
N iv 270+10−10 · · · >270−55 >0.92−0.21
O iii 51+12−22 · · · <51+16 <0.98+0.31
O iv 1200+50−50 · · · >1200−250 >0.51−0.11
O v 1800+210−40 · · · >1800−360 >0.29−0.06
Ne v 1400+100−90 · · · >1400−300 >1.05−0.23
Ne v*d 250+40−40 · · · 250+70−60 · · ·
Table 3 continued
Table 3 (continued)
Ion AODa PCa Adoptedb Adopted
Best Model
c
(1012cm−2) (1012cm−2) (1012cm−2)
Ne v*g 130+40−30 · · · <130+50 · · ·
Ne ve 1050+80−70 · · · 1050+230−220 · · ·
Ne vi 1900+240−200 · · · >1900−420 >0.72−0.16
Ne viii 12100+400−300 14100
+2400
−500 14100
+3700
−2900 1.00
+0.26
−0.21
Na ix 670+180−220 · · · <670+260 <1.73+0.67
Mg x 6500+200−180 8100
+200
−180 8100
+1600
−1600 1.02
+0.20
−0.20
S iii 26+7.8−6.7 · · · <26+9.4 <55.6+20.1
S iv 35+6.1−5.2 · · · <35+9.3 <4.00+1.06
S v 18+2.0−1.9 · · · >18−4.0 >0.90−0.20
Ar vii 3.8+2.8−1.9 · · · <3.8+2.8 <0.91+0.67
Ar viii 30+14−12 · · · <30+15 <5.10+2.55
S3: v = -5300 km s−1
N iv 48+9.2−8.5 · · · <48+13 <12.3+3.32
O iv 120+31−34 · · · <120+40 <6.52+2.21
Ne viii 770+40−37 · · · >770−160 >0.05−0.01
Na ix 340+59−54 · · · >340−90 >1.00−0.26
Mg x 1500+120−110 · · · >1500−330 >0.25−0.05
Si xi 96000+1000−58000 · · · <96000+19000 <62.6+12.5
Ar vii 5.1+3.1−2.4 · · · <5.7+3.3 <6.74+4.36
Ar viii 32+15−15 · · · <32+16 <11.10+6.45
Ca x 46+32−18 · · · <46+33 <1.37+0.98
S4: v = -5770 km s−1
N iv 240+13−11 · · · >240−49 >0.34−0.07
O iii 75+39−29 · · · <75+42 <1.04+0.58
O iv 660+59−53 · · · >660−140 >0.13−0.03
O v 570+24−20 · · · >570−120 >0.02−0.004
Ne v*g 250+80−50 · · · 250+90−70 · · ·
Ne ve · · · · · · 3550+7400−2680 · · ·
Ne viii 6000+190−160 · · · >6000−1200 >0.13−0.03
Na ix 600+84−77 · · · >600−140 >1.53−0.36
Mg x 3400+170−150 4300
+270
−210 4300
+900
−890 0.81
+0.17
−0.17
S iv 28+5.3−3.5 · · · <28+7.8 <2.59+0.71
S v 28+3.4−3.2 · · · >28−6.4 >0.74−0.17
Ar vii 39+4.9−4.8 · · · >39−9.3 >1.02−0.24
Ar viii 96+23−20 · · · <96+30 <0.95+0.30
Ca x 540+70−57 · · · <540+130 <1.45+0.35
S5: v = -6150 km s−1
N iv 9.3+2.5−4.4 · · · <9.3+3.1 <1.80+0.60
O v 76+7.3−7.2 · · · >76−17 >0.06−0.01
Ne viii 2200+98−88 · · · >2200−440 >0.11−0.02
Na ix 450+64−57 · · · >450−110 >1.00−0.24
Mg x 890+110−98 · · · >890−200 >0.11−0.03
Si xi 130000+1000−70000 · · · <130000+26000 <66.6+13.3
Ca x 49+31−26 · · · <49+33 <1.10+0.73
S6: v = -7210 km s−1
N iv 25+5.1−4.8 · · · <25+7.0 <126+35.2
Table 3 continued
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Table 3 (continued)
Ion AODa PCa Adoptedb Adopted
Best Model
c
(1012cm−2) (1012cm−2) (1012cm−2)
O iv 210+32−29 · · · <210+52 <240+59.9
Ne viii 1100+58−52 · · · >1100−230 >1.00−0.20
Na ix 130+44−39 · · · <130+50 <3.79+1.49
Mg x 680+79−71 · · · >680−150 >1.00−0.23
Note—
aSum of all Nion from excited and ground states for a given ion in
each outflow system using the AOD and PC methods.
b The adopted values in blue are lower limits, in red are upper limits,
and in black are measurements.
cThe ratio of the adopted values to the column densities from the
best-fit Cloudy model.
dNe v 413 cm−1 energy level.
e 0 cm−1 energy level of the respective ion.
fNe vi 1307 cm−1 energy level.
gNe v 1111 cm−1 energy level.
hN iv 67416 cm−1 energy level.
i O iv 386 cm−1 energy level.
j O v 82385 cm−1 energy level.
(This table is available in machine-readable form.)
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Figure 2. Photoionization solutions for each outflow system. The colored contours show the model parameters that are consistent
with the observed values assuming the HE0238 SED and solar metallicity (for VV2006 J1329+5405, Z = 4.68 Z; see Table 3 of Paper
V). Solid contours represent ionic column densities taken as measurements while dotted and dashed contours are upper and lower limits,
respectively. The shaded bands are the 1σ uncertainties for each contour (see Table 3). The dots are the best χ2-minimization solutions
for each ionization phase and the ellipses encircling them are their 1σ uncertainties.
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Figure 3. Electron number density, ne, of each outflow system based on three population ratios of Ne and one of O. The theoretical
predictions from CHIANTI for the population ratios with excited energy levels of Ne v* 413 cm−1, Ne v* 1111 cm−1, Ne vi* 1307 cm−1,
O iv* 386 cm−1, O v* 82385 cm−1, or N iv* 67416 cm−1 are overlaid. The curves assume the average electron temperature (T) from
the photoionization solution for the corresponding phase of the first listed outflow. The distance, R (from equation 1), for the first labeled
outflow is also shown on the top axis. The offset of the ratios from the shown curves for the other outflows are the result of the different
temperatures.
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6. DISCUSSION
6.1. Contribution to AGN Feedback
The potential for AGN feedback can be assessed by us-
ing the criterion set forth by Hopkins & Elvis (2010) or
Scannapieco & Oh (2004) where the kinetic luminosities
must exceed 0.5% or 5% of the Eddington luminosity
(LEdd), respectively. We use the Mg ii-based black hole
mass equation from Bahk et al. (2019) along with their
methodology for measuring the Mg ii FWHM and the
nearby continuum level from Sloan Digital Sky Survey
(SDSS) data to estimate the mass of the super mas-
sive black hole, which is then used to calculate LEdd
(see Table 4; errors include systematics). Outflow S4 in
7C 1631+3930 has a kinetic luminosity above 0.5%LEdd
while outflow S2 in SDSS J0936+2005 exceeds 5%LEdd.
Therefore, on average, these two outflows carry enough
energy, depending on the method of energy deposition
into the surrounding ISM of the host galaxy, to con-
tribute substantially to AGN feedback in galaxies with
similar black hole masses as each of these quasars.
6.2. Photoionization Solution and ne Accuracy
The majority of the photoionization solutions shown
in Figure 2 are constrained only by Nion upper and lower
limits. As such, they are immune to saturation effects.
Measurements were only taken for doublet transitions
where a partial covering solution could be reliably de-
termined or for single transitions where we could infer
that saturation effects would be minimal. The multitude
of upper and lower limits along with the few measure-
ments yielded only four out of the 16 outflows with un-
bounded VHPs. Half of the bounded VHPs have tightly
constrained errors to within a factor of two. The pho-
toionization solutions of either the HP (two phase solu-
tions) or VHP (single phase solutions) constrained the
total Nion for Ne v, Ne vi, O iv, O v, and N iv, which
were used in conjunction with the excited- and ground-
state Nion measured from the data to calculate the pop-
ulation ratios that yielded ne for each outflow (see sec-
tions 3.3 and 4). When multiple diagnostics were avail-
able for a given outflow, the ne values were all consistent
within errors. This consistency in ne between multiple
diagnostics that arose from constraints from the pho-
toionization solutions shows the results are robust and
reliable.
6.3. Geometry and Volume Filling Factor
Comparing outflows within a given quasar, there are
two that show a similarity in their respective geometries:
S1 and S2 in SDSS J0936+2005. The kinematic simi-
larities of the troughs from the VHP and HP for each
outflow suggest that the two phases occupy the same
volume. Under the assumption that the VHP occupies
the total volume where the outflow resides (i.e., the vol-
ume filling factor = 1; Arav et al. 2013), and since the
HP is both denser and has a lower NH than that of the
VHP, the HP would have a small volume filling factor
within the VHP. This volume filling factor is given by
equation 4 in Section 3.5 of Paper I:
fV =
UH,HP
UH,VHP
× NH,HP
NH,VHP
(4)
S1 and S2 in SDSS J0936+2005 have fV values that
are fully consistent, considering the errors (see Table 4).
This similarity in geometry, the consistent distances,
and small velocity separation (240 km s−1) suggest the
two outflows have a common origin. These similarities
in geometry, distance, and velocity were also observed
for outflows 1a and 1b in Paper II as well as the four
outflows in Paper III, implying that it is more than a
coincidence.
6.4. Comparison to X-Ray Warm Absorbers
As has been discussed in Papers II, III, and V, X-ray
warm absorbers span a wide range of UH, which can be
explained by a continuous NH absorber as a function of
UH. The single phase and two phase solutions found here
are sufficient to explain the data, but we cannot rule out
additional ionization phases that are not detected due
to the wavelength range and/or data sensitivity limita-
tions. Also, the UH values in Table 4 are comparable
to the quantity log(ξ) that is commonly used in X-ray
analyses [log(ξ)u log(UH)+1.3]. Therefore, the outflows
detected here are similar to X-ray warm absorbers.
6.5. New Absorption Trough Transitions/Ions
To the best of our knowledge, the detection of Cl vii
800.64 A˚ in S1 of VV2006 J1329+5405 is a first in both
ion and transition for the astronomical community. Sim-
ilarly, the Ne v 480.42 A˚ and Ne v* 482.99 A˚ line tran-
sitions in S4 of UM 425 are also first time detections.
7. SUMMARY AND CONCLUSIONS
This paper presented new HST/COS spectra for five
quasars containing 16 outflows. Absorption troughs
from up to 14 ions yielded column density measurements
and lower limits for each outflow. The use of these ab-
sorption trough constraints along with additional upper
limits and a grid of photoionization models enabled us
to determine the best-fitting values of UH and NH for
each outflow.
Column density ratios from excited- and ground-state
transitions of Ne v, Ne vi, O iv, O v, and N iv con-
strained the electron number densities of 11 outflows.
Using those values, the distances of each outflow to the
central source were calculated from equation (1), lead-
ing to the mass flux and kinetic luminosity (equations
2 and 3). Lastly, the potential for AGN feedback was in-
vestigated with the final results summarized in Table 4.
The main results are as follows:
1. Of the 16 outflows, 10 require a two phase pho-
toionization solution to simultaneously satisfy the
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column density measurements from ions spanning
over an order of magnitude in ionization potential.
Each of the other six contain a VHP.
2. Distances and energetics were determined for 11
outflows with seven having more than one distance
indicator, and all of these were consistent within
errors. Outflows S2 in SDSS J0936+2005 and S4
in 7C 1631+3930 each have a large enough ki-
netic luminosity to Eddington luminosity ratio to
be major contributors to AGN feedback processes,
depending on the energy deposition process. If the
electron number density of outflow S1 in VV2006
J1329+5405 is closer to its lower limit, then it too
would have enough kinetic energy to be a major
contributor to AGN feedback.
3. The outflows S1 and S2 in SDSS J0936+2005 likely
originate from the same material at the same dis-
tance since the velocity separation between the
outflows is small and since the distances and vol-
ume filling factors are consistent within the errors.
4. The ion and line transition Cl vii 800.64 A˚ as well
as the line transitions Ne v 480.42 A˚ and Ne v*
482.99 A˚ are first time detections.
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